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STI STRESS MODIFICATION BY NITROGEN
PLASMA TREATMENT FOR IMPROVING
PERFORMANCE IN SMALL WIDTH
DEVICES

RELATED APPLICATION

This application is a divisional of U.S. application Ser. No.
10/250,047, filed May 30, 2003 now U.S. Pat. No. 6,887,798.

DESCRIPTION

1. Field of the Invention

The present invention generally relates to semiconductor
processing, and more particularly to a method of fabricating
isolation regions, such as shallow trench isolation (STI), in
which the stress of the isolation region has been modulated by
a nitrogen plasma treatment. The isolation regions created in
the present invention, which are particularly useful in small
width devices (on the order of about 0.25 um or less), have
substantially little or no bird beaks in the isolation region.

2. Background of the Invention

In the semiconductor industry, it is well known to isolate
one or more device regions present on a semiconductor struc-
ture using isolation regions such as shallow trench isolation
(STI) regions. A standard STI process is shown, for example,
in FIGS. 1A-1C. Specifically, prior art FIG. 1A illustrates an
initial processing step in which a pad stack comprising an
oxide 12 and a nitride 14 is formed atop a surface of a semi-
conductor substrate 10. An optional hard mask (not shown)
may also be formed atop the nitride layer 14 of the pad stack.

Next, lithography is employed in providing a trench pattern
to the structure. Specifically, the trench pattern is formed by
first applying a photoresist on the upper surface of the pad
stack. The photoresist is then exposed to a pattern of radiation
and thereafter the pattern in the photoresist is developed using
a resist developer. An etching step is used to transfer the
pattern from the photoresist into the nitride layer 14. After the
initial pattern transfer, the photoresist is removed utilizing a
stripping process and then etching continues through the
oxide layer 12 stopping atop an upper surface of the semicon-
ductor substrate 10 so as to provide a structure having an
opening 16 in the oxide layer 12 as shown, for example, in
FIG. 1B.

After providing the structure shown in FIG. 1B, a trench is
formed in the semiconductor substrate 10 via etching through
the opening 16. A trench liner (not shown) is typically formed
via oxidation on the bare sidewalls of the trench including the
sidewalls of the oxide layer 12. The trench is then filled with
a trench dielectric material 22 such as SiO,, tetraethylortho-
silicate (TEOS) or a high-density plasma oxide and thereafter
the structure is planarized to the upper surface of the nitride
layer 14. A deglazing process may follow the trench fill step.
After deglazing, the nitride layer 14 is removed providing a
structure having an STI region 24 formed in the surface of the
semiconductor substrate 10. The structure including STI
region 24 is shown, for example, in FIG. 1C.

The oxide layer 12 may be removed prior to CMOS
(complementary metal oxide semiconductor) device fabrica-
tion. CMOS device fabrication may include the following
processing steps:

A conventional gate oxidation pre-clean, and gate dielec-
tric formation;

Gate electrode formation and patterning;

Gate reoxidation;

Source/drain extension formation;

Sidewall spacer formation by deposition and etching;
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Source/drain formation;

Silicide formation; and

Back-end-of-the-line (BEOL) process.

During the oxidation procedures used in steps 1 and 3, bird
beaks 26 begin to form in the STI regions 24 at or near the
interface between the STI 24 and the semiconductor substrate
10; bird beaks are oxide regions that are formed during
CMOS device oxidation processes that encroach upon and, in
some instances, enter the islands of the semiconductor sub-
strate 10 which lie adjacent to the ST regions. This encroach-
ment and subsequent entry into the semiconductor islands
causes the semiconductor substrate 10 to exhibit uneven
stress in the active device areas. This uneven stress may
negatively impact some of the devices, while positively
affecting other devices present on the semiconductor sub-
strate. Bird beak formation is particularly relevant for small
width semiconductor devices that have a width of about 0.25
pum or less.

Specifically, stress caused by bird beak formation is known
to lead to device degradation for NFET devices and device
improvements for PFETs. In particular, the device drive cur-
rent and the device on-current can be affected (either nega-
tively or positively) by bird beak formation. To date, appli-
cants are unaware of any prior art method that seeks a means
to tailor the stress caused by bird beak formation so as to
improve the device performance of NFETs and PFETs.

In view of the drawbacks mentioned above with the prior
art process of fabricating STI regions, there is a need for
providing a method of forming isolation regions such as STIs,
in which bird beak formation is substantially prevented
thereby reducing the stress in the semiconductor substrate.
There is also a need for providing a method in which stress
formation is controlled such that improved device perfor-
mance, in terms of drive current and on-current, can be
achieved for a structure containing both NFETs and PFETs.

SUMMARY OF THE INVENTION

An object of the present invention is to provide a method of
fabricating isolation regions, such as shallow trench isolation
regions, for use in small width devices (on the order of about
0.25 pum or less).

A further object of the present invention is to provide a
method of fabricating isolation regions that exhibit substan-
tially little or no bird beak formation during a subsequent
CMOS oxidation process.

A yet further object of the present invention is to provide a
method of fabricating isolation regions in which the stress
caused by bird beak formation has been modulated to
enhance device performance.

An even further object of the present invention is to provide
a method of fabricating isolation regions in which the stress
caused by bird peak formation is reduced for NFETs.

A still further object of the present invention is to provide
a method in which stress formation caused by bird beak
formation is controlled such that improved device perfor-
mance, in terms of drive current and on-current, can be
achieved for a structure containing both NFETs and PFETs.

Itis noted that the term “isolation regions” as used through-
out the instant application denotes trench isolation regions.
The isolation regions formed in the present invention can be
classified in accordance to their depth. In particular, the
present invention contemplates the formation of shallow
trench isolation (STI) regions having a depth, as measured
from the top surface of the substrate to the bottom of the
trench, of about 1.0 um or less, medium trench isolation
regions having a depth, as measured from the top surface of
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the substrate to the bottom of the trench, of about 1.0 um to
about 3.0 um, and deep trench isolation (DTI) regions having
a depth, as measured from the top surface of the substrate to
the bottom of the trench, of about 3.0 um or greater.

The isolation regions formed in the present invention may,
or may not, have a high aspect ratio associated therewith.
When a high aspectratio trench isolation region is formed, the
aspect ratio (height:width) is about 0.5 or greater.

The aforementioned objects and advantages are achieved
in the present invention by forming a nitride liner, i.e., a
surface nitrided layer, about the trench walls (bottom and
sidewalls) by using a plasma nitridation process. Because of
the plasma nitridation used in the present invention, the
nitride liner penetrates the bottom and sidewalls of the trench
s0 as to form a liner that is present in the interior as well as the
exterior of the trench walls. The nitride liner formed using the
plasma nitridation process of the present invention serves to
prevent the formation of bird beaks in the isolation region
during a subsequent CMOS oxidation step.

The plasma nitridation process of the present invention
may occur during the formation of the isolation region. In one
embodiment, the plasma nitridation process may occur after
trench etching, but prior to trench fill. In yet another embodi-
ment of the present invention, the plasma nitridation process
occurs after filling the trench with a trench dielectric material.
In yet another embodiment of the present invention, a block
mask is formed over predetermined active areas of the etched
substrate prior to the plasma nitridation process. This
embodiment is used in protecting the PFET device area from
the plasma nitridation process thereby providing a means to
form a PFET device area in which compression stress caused
by bird beak formation increases the device performance of
the PFET.

In broad terms, the method of the present invention com-
prises the steps of:

providing a structure having a patterned material stack
located on top of a surface of a semiconductor substrate, said
patterned material stack having at least one opening that
exposes a portion of the semiconductor substrate;

forming at least one trench into the exposed portion of the
semiconductor substrate, each trench having sidewalls that
extend to a common bottom wall; and

subjecting at least one of the sidewalls of each trench and a
portion of the common bottom wall of each trench to a plasma
nitridation process.

As stated above, the plasma nitridation process may occur
prior to trench fill, or after the trench has been filled with a
dielectric fill material. In some instances, and after the trench
fill has been performed, portions of the patterned material
stack are removed and a block mask is formed over active
areas of the semiconductor substrate in which PFETs are to be
formed. In this embodiment, the block mask is formed atop
the structure after the dielectric fill step. The block mask is
located predominately over the active device region in which
the NFET devices will be formed. Edge portions of the block
mask typically extend over the sidewalls of at least two neigh-
boring trenches.

Another aspect of the present invention relates to a semi-
conductor structure which comprises

a semiconductor substrate having at least one trench isola-
tion region located therein, said at least one trench isolation
region having sidewalls that extend to a common bottom wall;
and

a nitride liner present at least on portions of the sidewalls,
said nitride liner protecting the sidewalls of the at least one
trench so as to reduce stress in the semiconductor substrate.
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4
DETAILED DESCRIPTION OF THE DRAWINGS

FIGS. 1A-1C are pictorial representations (through cross
sectional views) illustrating the prior art process of forming a
shallow trench isolation (STI) region.

FIG. 2 is a pictorial representation (through a cross sec-
tional view) illustrating the formation of a bird beak in the STI
region provided by FIGS. 1A-1C.

FIGS. 3A-3E are pictorial representations (through cross
sectional views) illustrating the basic processing steps in one
embodiment of the present invention.

FIG. 4A-4B are pictorial representations (through cross
sectional views) illustrating the basic processing steps in
another embodiment of the present invention.

FIGS. 5A-5C are pictorial representation (through cross
sectional views) illustrating another embodiment of the
present invention for providing a structure in which portions
of'the trenches are treated with the plasma nitridation process
of the present invention, while other potions of the trenches
are protected with a block mask.

DETAILED DESCRIPTION OF THE INVENTION

The present invention, which provides a method for modi-
fying the stress caused by bird beak formation in the isolation
regions of small width CMOS devices, will now be described
in greater detail by referring to the drawings that accompany
the present application. In the drawings representing the
present invention, like reference numerals are used in describ-
ing like and/or corresponding elements.

Reference is first made to the embodiment depicted in
FIGS. 3A-3E. In this embodiment of the present invention,
the trench is subjected to a plasma nitridation process prior to
filling the trench with a trench fill material. Specifically, FIG.
3 A shows an initial structure of the first embodiment of the
present application. In FIG. 3A, there is shown a semicon-
ductor substrate 50 having a material stack 52 located on a
surface of the semiconductor substrate 50. Material stack 52
comprises at least a pad oxide 54 and a pad nitride 56. As
shown, the pad oxide 54 is located on an upper surface of the
semiconductor substrate 50, while the pad nitride 56 is typi-
cally applied on top of the pad oxide 54.

The semiconductor substrate employed in the present
invention is any semiconducting material well known to those
skilled in the art. This includes Si-containing semiconductor
materials as well as Ge, GaAs, InP and other III/V compound
semiconductors.  Preferred semiconductor substrates
employed in the present invention are Si-containing semicon-
ductor materials which include, but are not limited to: Si,
SiGe, SiGeC, SiC, asilicon-on-insulator (SOI) and combina-
tions thereof, e.g., a stack of Si/SiGe or Si/SOI. The SOI
substrate includes a buried oxide layer that electrically iso-
lates a top Si-containing layer, i.e., the SOI layer, from a
bottom Si-containing layer.

When an SOI substrate is employed in the present inven-
tion, the top Si-containing layer of the SOI substrate may have
avertical thickness, t,, i.e., height, of less than about 300 nm,
with a vertical thickness of from about 50 nm to about 100 nm
being more highly preferred. The thickness of the buried
oxide may vary, but typically, the buried insulating layer has
athickness ofless than about 350 nm, with a thickness of from
about 1 nm to about 100 nm being more highly preferred. The
thickness of the bottom Si-containing layer of the SOI sub-
strate is inconsequential to the present invention.

The SOI substrate is fabricated using techniques that are
well known to those skilled in the art. For example, the SOI
substrate may be fabricated using a thermal bonding process,
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or alternatively the SOI substrate may be fabricated by an ion
implantation process that is referred to in the art as separation
by ion implantation of oxygen (SIMOX). When a thermal
bonding process is employed in fabricating the SOI substrate,
an optional thinning step may be utilized to thin the top
Si-containing layer into an ultra-thin regime which is on the
order of less than 50 nm.

The pad oxide 54 is formed on the upper surface of the
semiconductor substrate 50 using either a thermal oxidation
process or a deposition process such as chemical vapor depo-
sition (CVD), plasma-assisted CVD, chemical solution depo-
sition, atomic layer deposition or evaporation. The thickness
of the pad oxide 54 may vary depending upon the technique
used in forming the same. Typically, however, the pad oxide
54 has a thickness of from about 1 nm to about 40 nm.

After the pad oxide 54 has been formed on the semicon-
ductor substrate 50, the pad nitride 56 is typically formed on
top of the pad oxide 54 using a conventional deposition pro-
cess such as CVD, plasma-assisted CVD, chemical solution
deposition, atomic layer deposition, or evaporation. The
thickness of the pad nitride 56 may vary depending on the
technique used in forming the same. Typically, the pad nitride
56 has a thickness of from about 60 nm to about 150 nm.

After providing the material stack 52 to the semiconductor
substrate 50, a photoresist (not shown) is applied to the upper
exposed surface layer of the material stack 52, i.e., on the pad
nitride 56, by a deposition process such as CVD, plasma-
assisted CVD, spin-on coating, or evaporation. The photore-
sist is then patterned by lithography which includes the steps
of'exposing the photoresist to a pattern of radiation and devel-
oping the pattern by using a conventional resist developer.
The pattern formed in the present invention is a trench pattern.
The trench pattern is then transferred into the material stack
52 utilizing one or more etching steps.

In particular, the pattern transfer is accomplished by first
etching through exposed portions of the patterned photoresist
utilizing an etching process that is selective in removing
nitride (in this instance, etching stops atop the pad oxide 54).
Once the trench pattern has been transferred into the pad
nitride 56, the patterned photoresist is typically removed from
the structure utilizing a conventional resist stripping process
that is well known to those skilled in the art. Etching of the
trench pattern continues into the underlying pad oxide 54
utilizing an etching process that is selective in removing
oxide. This etching step stops atop an upper surface of the
semiconductor substrate 50.

The resultant structure, which is formed after the pattern-
ing and etching steps have been performed, is shown, for
example, in FIG. 3B. Specifically, FIG. 3B illustrates a struc-
ture comprising the semiconductor substrate 50 containing a
patterned material stack 52 having at least one opening 58 that
exposes portions of the semiconductor substrate 50.

Next, the exposed portions of the semiconductor substrate
that are not protected with the patterned material stack, i.e.,
the patterned pad oxide 54 and pad nitride 56, are then
removed utilizing an etching process that is highly selective in
removing semiconductor substrate material providing the
structure shown in FIG. 3C. The illustrated structure shown in
FIG. 3C includes at least one trench 60 in the semiconductor
substrate 50. Each of the trenches 60 formed in this step of the
present invention have sidewalls 62 that extend to a common
bottom wall 64.

The depth of the trenches is controlled by the conditions
used to etch the exposed portions of the semiconductor sub-
strate 50. The trenches 60 formed in the present invention may
be shallow trenches, medium trenches and deep trenches. The
shallow trenches have a depth, as measured from the top
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6

surface of the substrate to the bottom of the trench, of about
1.0 um or less, the medium trenches have a depth, as mea-
sured from the top surface of the substrate to the bottom ofthe
trench, of about 1.0 pm to about 3.0 um, and deep trenches
have a depth, as measured from the top surface of the sub-
strate to the bottom of the trench, of about 3.0 um or greater.

Atthis point of the present invention, the structure shown in
FIG. 3C may be subjected to a nitrogen plasma treatment step.
That is, a plasma nitridation process may now be performed
on the structure shown in FIG. 3C. The structure formed
during the nitrogen plasma treatment is shown in FIG. 3D.

As shown in FIG. 3D, the structure is treated by a plasma of
nitrogen 66 that is capable of forming a nitride liner 68 about
the interior and exterior sidewalls and bottom walls of the
trench. The nitride liner 68 may be referred to herein as a
surface nitrided layer since some of the nitride layer forms
inward into the surrounding islands of semiconductor sub-
strate 50. Semiconductor islands are defined as the pillar
regions of semiconductor material that lies adjacent to each of
the trenches provided during the above patterning and etching
steps. The terms “nitride liner” and “nitrided surface layer”
are interchangeable in the present invention. As shown in the
embodiment depicted in FIG. 3D, nitride liner 68 lines the
sidewalls 62 and the bottom wall 64 of each trench 60.
Although not shown, some of nitride liner 68 enters into the
semiconductor substrate 50 surrounding the trenches 60.

The plasma nitridation is carried out in a nitrogen-contain-
ing atmosphere such as N,, NO, N,O, and NH;. Mixtures of
the aforementioned nitrogen-containing atmospheres are also
contemplated herein. The present invention also contem-
plates plasma nitridation processes wherein the nitrogen-con-
taining gas is admixed with an inert gas such as He, Ar, Ne, Kr
or Xe. Mixtures of inert gasses such as He and Ar are also
contemplated herein. When an inert gas is present, the plasma
contains a concentration of nitrogen-containing gas of about
5to about 70%. A highly preferred nitrogen plasma employed
in the present invention is N, in He.

The plasma nitridation process of the present invention is
carried out using a plasma having a temperature of about 80°
C. or below, with a plasma temperature of from about 25° C.
to about 50° C. being more highly preferred. The substrate
during the plasma nitridation process is maintained at a tem-
perature of from about 20° C. to about 100° C., with a sub-
strate temperature of from about 25° C. to about 80° C. being
more highly preferred. The substrate temperature is main-
tained within the foregoing ranges using a backside cooling
process in which an inert gas such as He is flow over the back
surface of the substrate.

The nitrogen species used in the present invention will
form ions that react with the semiconductor surface and form
a nitrogen rich surface layer on the trench sidewalls and
bottom walls.

The plasma nitridation process may be carried out using
rapid thermal conditions wherein short heating times (on the
order of about 120 seconds or less) are employed. Hence, the
present invention contemplates rapid thermal (RT) nitridation
processes such as RTNH, RTNO, RTNO,, rapid plasma nitri-
dation (RPN) or a decoupled plasma nitridation (DPN) pro-
cess.

A preferred plasma nitridation process employed in the
present invention is a DPN process in which the following
preferred conditions are employed:

Pressure range: 50-100 mTorr;

Gas composition: 2-10% N, in He;

Power range: 50-200 Watts;

Plasma exposure time: 10-50 seconds;

Wafer temperature: 50° C.-100° C.
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Notwithstanding which technique is employed in forming
the nitrided surface layer 68, the nitrided surface layer 68
formed has a thickness of from about 0.1 to about 2 nm, with
a thickness of from about 1.0 to about 1.5 nm being more
highly preferred. Some of the nitride thickness may form
inward into the semiconductor substrate 50.

Following the nitridation process shown in FIG. 3D, each
of the trenches is then filled with a trench dielectric material
70 such as SiO,, tetraethylorthosilicate (TEOS) or a high-
density plasma oxide and thereafter the structure is planarized
to the upper surface of the nitride pad 56. In an optional step,
an oxide liner (not shown) may be formed in the trench prior
to trench fill. A deglazing process may follow the trench fill
step. After deglazing, the nitride pad 56 and the pad oxide 54
are removed providing a structure having isolation regions 72
formed in the surface of the semiconductor substrate 50. The
resultant structure formed after these steps have been per-
formed is shown, for example, in FIG. 3E.

After stripping the pad nitride and the pad oxide from the
structure, conventional CMOS device fabrication processes
may now be performed which include at least the following:
conventional gate oxidation pre-clean, and gate dielectric
formation; gate electrode formation and patterning; gate
reoxidation; source/drain extension formation; sidewall
spacer formation by deposition and etching; source/drain for-
mation; silicide formation; and a back-end-of-the-line
(BEOL) process.

During the oxidation procedures used above in forming the
CMOS device, bird beaks form in conventional STI regions at
or near the interface between the STI and substrate. In the
present invention, nitrided surface layer 68 substantially pre-
vents bird beaks from forming. In the embodiment shown in
FIGS. 3A-3E, the stress in the active areas is reduced since
bird beak formation is substantially eliminated.

In addition to the embodiment shown in FIGS. 3A-3E, the
present invention also contemplates an embodiment in which
the plasma nitridation process occurs after the trenches have
been filled. This embodiment of the present invention is
shown in FIGS. 4A-4B. In this embodiment of the present
invention, the structure shown in FIG. 3C is first provided
using the procedures described above. Instead, of conducting
a plasma nitridation process after the trenches have been
etched into the semiconductor substrate 50 (as is the case in
FIG. 3D), the trenches 60 are filled with a trench dielectric
material 70 such as SiO,, tetraethylorthosilicate (TEOS) or a
high-density plasma oxide and thereafter the structure is pla-
narized to the upper surface of the nitride pad 56 and then
recessed to the upper surface of pad oxide 54. Prior to trench
fill, an optional oxide liner may be formed. A deglazing
process may follow the trench fill step. FIG. 4A shows the
structure formed at this point of the present invention.

After deglazing, the nitrogen plasma treatment step
described above can be performed on the structure shown in
FIG. 4A. The structure formed during the nitrogen plasma
treatment is shown in FIG. 4B. As shown, the structure is
treated by a plasma of nitrogen 66 that is capable of forming
a nitride liner 68 about the interior and exterior sidewalls and
bottom walls of the trench. As shown in the embodiment
depicted in FIG. 4B, nitride liner 68 lines the sidewalls 62 and
the bottom wall 64 of each trench 60.

Next, the pad nitride 56 and the pad oxide 54 are removed
providing a structure having isolation regions formed in the
surface of the semiconductor substrate. The resultant struc-
ture formed after the foregoing steps have been performed is
similar to that shown in FIG. 3E. After stripping the pad
nitride and the pad oxide from the structure, conventional
CMOS device fabrication processes may now be performed
which include at least the following: conventional gate oxi-
dation pre-clean, and gate dielectric formation; gate electrode
formation and patterning; gate reoxidation; source/drain
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extension formation; sidewall spacer formation by deposition
and etching; source/drain formation; silicide formation; and a
back-end-of-the-line (BEOL) process.

During the oxidation procedures used above in forming the
CMOS device, bird beaks form in conventional STI regions at
or near the interface between the STI and substrate. In the
present invention, nitrided surface layer 68 substantially pre-
vents bird beaks from forming. In the embodiment shown in
FIGS. 4A-4B, the stress in the active areas is reduced since
bird beak formation is substantially eliminated.

In addition to the above mentioned embodiments shown in
FIGS. 3A-3E and FIGS. 4A-4B, the present invention also
contemplates an embodiment in which a block mask is used to
tailor which portions of the trenches are subjected to nitrogen
plasma treatment. This embodiment of the present invention
is shown in FIGS. 5A-5C. In this embodiment of the present
invention, the structure shown in FIG. 3C is first provided
using the procedures described above. Instead, of conducting
a plasma nitridation process after the trenches have been
etched into the semiconductor substrate 50 (as is the case in
FIG. 3D), the trenches 60 are filled with a trench dielectric
material 70 such as SiO,, tetraethylorthosilicate (TEOS) or a
high-density plasma oxide and thereafter the structure is pla-
narized to the upper surface of the nitride pad 56 and then
recessed to the upper surface of the pad oxide 54. An optional
oxide liner may be formed prior to trench fill. A deglazing
process may follow the trench fill step. FIG. SA shows the
structure formed at this point of this embodiment of the
present invention.

After deglazing, preselected portions of remaining pad
nitride 56 are removed and a block mask is formed in those
areas in which PFET devices are to be formed. The block
mask, which is formed atop preselected semiconductor
islands, is comprised of a photoresist material and it is formed
utilizing conventional deposition and lithography. In this
embodiment, the block mask protects the PFET device areas
from being nitrided. As shown, in FIG. 5B, edge portions 75¢
of'block mask 75 extend over the sidewalls 62 of two neigh-
boring isolation regions. The structure is then subjected to a
nitrogen plasma treatment as is also shown in FIG. 5B. As
illustrated, the structure is treated by a plasma of nitrogen 66
that is capable of forming a nitride liner 68 about the interior
and exterior sidewalls and bottom walls of the trenches that
are not protected with block mask 75. In this embodiment of
the present invention, the nitride liner 68 lines portions of the
sidewalls 62 and the bottom wall 64 of each trench 60, while
the trench walls in other portions protected by the block mask
are bare, i.e., no nitride liner is formed.

Next, the remaining pad nitride 56 and the pad oxide 54 are
removed providing a structure having isolation regions
formed in the surface of the semiconductor substrate. The
resultant structure formed after the foregoing steps have been
performed is shown in FIG. 5C. After stripping the pad nitride
and the pad oxide from the structure, conventional CMOS
device fabrication processes may now be performed which
include at least the following: conventional gate oxidation
pre-clean, and gate dielectric formation; gate electrode for-
mation and patterning; gate reoxidation; source/drain exten-
sion formation; sidewall spacer formation by deposition and
etching; source/drain formation; silicide formation; and a
back-end-of-the-line (BEOL) process.

During the oxidation procedures used above in forming the
CMOS device, bird beaks form in conventional STI regions at
or near the interface between the STI and substrate. In the
present invention, nitrided surface layer 68 substantially pre-
vents bird beaks from forming on some portions of the isola-
tion regions, while bird beak formation is allowed to occur in
those portions in which no surface nitrided layer is present,
i.e., in the PFET device area. In the embodiment shown in
FIGS. 5A-5C, the stress in the active areas for NFET device is
reduced since bird beak formation is substantially eliminated,
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while the stress in the active areas for PFET occurs since bird
beak formation is not prevented therein. This embodiment of
the present invention thus allows one to tailor the stress
caused by bird beak formation depending upon whether such
stress degrades or improves the device performance. For
example, bird beak formation in NFET devices leads to
device performance degradation, while bird beak formation
in PFET devices leads to enhanced device performance. In the
foregoing example, bird beak formation causes a 17%
decrease in current-on performance at a fixed current off for
NFET devices, while a 17% increase in the same is observed
for PFET devices.

While the present invention has been particularly shown
and described with respect to preferred embodiments thereof,
it will be understood by those skilled in the art that the fore-
going and other changes in forms and details may be made
without departing from the spirit and scope of the present
invention. It is therefore intended that the present invention
not be limited to the exact forms and details described and
illustrated, but fall within the scope of the appended claims.

What is claimed is:

1. A semiconductor structure comprising:

a first semiconductor active area having, and laterally sur-
rounded by, a first sidewall and located in a semiconduc-
tor substrate;

a first trench isolation region laterally abutting said first
sidewall and surrounding said first semiconductor active
area and comprising silicon oxide, wherein a first por-
tion of a bottom surface of said first trench isolation
region and said first sidewall does not contact any nitride
liner;

a second semiconductor active area having, and laterally
surrounded by, a second sidewall and located in said
semiconductor substrate;

a nitride liner laterally abutting said second sidewall and a
second portion of said first trench isolation region,
wherein said second portion laterally abuts said first
portion, and wherein an edge of said nitride liner is
located at a bottom surface of said first trench isolation
region underneath a boundary between said first portion
and said second portion; and

a second trench isolation region laterally abutting said
nitride liner and surrounding said second semiconductor
active area and comprising silicon oxide, wherein
another edge of said nitride liner is located at a bottom
surface of said second trench isolation region.

2. The semiconductor structure of claim 1, wherein said
first semiconductor active area is under a first compression
stress and said second semiconductor active area is under a
second compression stress and the level of first compression
stress is higher than the level of second compression stress.

3. The semiconductor structure of claim 1, wherein said
nitride liner is present on the entirety of said second sidewall
surrounding said second semiconductor active area.

4. The semiconductor structure of claim 1, wherein any
bird’s beak structure comprising a dielectric material and
having a taper in lateral width is absent between said first
semiconductor active area and said first trench isolation
region.

5. The semiconductor structure of claim 1, further com-
prising at least one bird’s beak structure including a dielectric
material and having a taper in lateral width and located
between said second semiconductor active area and said sec-
ond trench isolation region.

6. The semiconductor structure of claim 1, further com-
prising at least one bird’s beak structure comprising a dielec-
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tric material and having a taper in lateral width and located
between said second semiconductor active area and said sec-
ond trench isolation region, wherein any bird’s beak structure
comprising a dielectric material and having a taper in lateral
width is absent between said first semiconductor active area
and said first trench isolation region.

7. The semiconductor structure of claim 1, wherein said
first semiconductor active area includes at least one PFET and
said second semiconductor active area includes at least one
NFET.

8. The semiconductor structure of claim 1, wherein said
nitride liner is a nitride surface layer that has a thickness of
about 0.1 nm to about 2.0 nm.

9. The semiconductor structure of claim 1, wherein a
nitride liner is present on at least a portion of a bottom of said
first trench isolation region.

10. The semiconductor structure of claim 1, wherein at
least a portion of a bottom of said second trench isolation
region is void of any nitride liner.

11. A semiconductor structure comprising:

a trench isolation region located in a semiconductor sub-

strate;

a first semiconductor active area having, and laterally sur-
rounded by, a first sidewall that laterally abuts said
trench isolation region and is located in said semicon-
ductor substrate, wherein said first sidewall does not
contact any nitride liner;

a second semiconductor active area having, and laterally
surrounded by, a second sidewall and located in said
semiconductor substrate; and

a nitride liner laterally abutting said second sidewall and
said trench isolation region wherein an edge of said
nitride liner is located at a bottom surface of'said trench
isolation region.

12. The semiconductor structure of claim 11, wherein said
first semiconductor active area is under a first compression
stress and said second semiconductor active area is under a
second compression stress and the level of first compression
stress is higher than the level of second compression stress.

13. The semiconductor structure of claim 11, wherein the
entirety of said first sidewall is void of any nitride liner and
said nitride liner is present on the entirety of said second
sidewall.

14. The semiconductor structure of claim 11, wherein any
bird’s beak structure including a dielectric material and hav-
ing a taper in lateral width is absent between said first semi-
conductor active area and said first trench isolation region.

15. The semiconductor structure of claim 11, further com-
prising at least one bird’s beak structure including a dielectric
material and having a taper in lateral width and is located
between said second semiconductor active area and said sec-
ond trench isolation region.

16. The semiconductor structure of claim 11, wherein said
first semiconductor active area includes at least one PFET and
said second semiconductor active area includes at least one
NFET.

17. The semiconductor structure of claim 11, wherein said
nitride liner is a nitrided surface layer that has a thickness of
about 0.1 nm to about 2.0 nm.

18. The semiconductor structure of claim 11, wherein said
first sidewall does not adjoin said second sidewall.



